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Project Title: Autism Spectrum Disorder—An Update

. Background and Objectives for the Systematic Review
Background

Autism spectrum disorder (ASD) is a neurodevelopmental disorder marked by impaired
social communication and social interaction accompanied by atypical patterns of behavior and
interest. As defined in the fifth edition of the Diagnostic and Statistical Manual of Mental
Disorders (DSM-V), ASD is differentiated from other developmental disorders by significant
impairments in social interaction and communication, along with restrictive, repetitive, and
stereotypical behaviors and activities.' Features of ASD can include a lack of reciprocal social
interaction and joint attention (i.e., the ability to use nonverbal means such as pointing to direct
others’ attention to something in which the child is interested); marked impairments in the use of
multiple nonverbal behaviors such as eye-to-eye gaze, facial expression, and gestures to regulate
social interaction; restricted repetitive and stereotyped patterns of behavior, interests, and
activities, such as apparently inflexible adherence to specific, nonfunctional routines or rituals,
stereotyped and repetitive motor mannerisms; intense preoccupation with particular concepts or
things; and atypical sensory processing.” Many children with ASD may also have impaired
cognitive skills."

Prevalence and burden of disease/illness. The prevalence of ASD in the United States is
11.3 cases per 1,000 (or 1 in 88) children living in the communities surveyed, with rate estimates
varying widely by region of the country, sex, and race/ethnicity.’ Considerably more males (1 in
54) than females (1 in 252) are affected. For some individuals, the core symptoms of ASD
(impairments in communication and social interaction and restricted/repetitive behaviors and
interests) may improve with intervention and maturation’’; however, core deficits typically
translate into varying developmental presentations that remain throughout the lifespan.'
Longitudinal studies indicate that adults with ASD struggle to obtain traditional markers of
adaptive independence.''™"” The estimated costs of medical and nonmedical care (e.g., special
education and daycare) for individuals with ASD are high. One study estimates that the total
yearly societal per-capita cost of caring for and treating a person with autism in the United States
is $3.2 million and about $35 billion for an entire birth cohort of individuals with autism.'®

Etiology and risk factors. ASD has a strong genetic component, with heritability estimated
to be as high as 90 percent in some studies.'”"” A range of genes is implicated in susceptibility to
ASD"?’; however, some evidence suggests that environmental exposures or context may also
play a role in ASD development and neurogenetic expression.”'** Identification of specific
genetic risk variants has proved to be challenging, and many researchers are now suggesting that
there may be multiple pathways to this disorder, with prenatal and postnatal insult potentially
contributing to presentation in some instances.”” Current research~* suggests that certain
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metabolic and other maternal conditions (such as diabetes, hypertension, obesity, and influenza
infection) during pregnancy may be associated with increased risk of ASD in offspring. Other
studies have investigated the role of advanced maternal and paternal age,” > pesticide
exposures,”’ and exposure to mercury and other heavy metals,”® among other putative
associations.

In addition to the genetic, parental, and environmental factors described above as potentially
causative factors, being the sibling of another child diagnosed with ASD raises the risk of
receiving an ASD diagnosis to 18.7 percent.”’ This risk varies by gender; 26.2 percent of
younger male siblings and 9.1 percent of younger female siblings are at risk. This incidence
increases twofold when two or more older siblings have ASD.

Interventions/treatment. The manifestation and severity of symptoms of ASD differs
widely, and treatments include a range of behavioral, psychosocial, educational, medical, and
complementary approaches®*>* that vary by a child’s age and developmental status. The goals of
treatment for ASD focus on improving core deficits in social communication and social
interactions and on minimizing the impact of restricted behaviors, as changing these fundamental
deficits may help children develop greater functional skills and independence.’ Treatment
frequently is complicated by symptoms or comorbidities that may warrant targeted intervention.
There is no cure for ASD and no global consensus on which intervention is most effective.*>~
Individual goals for treatment vary for different children and may include combinations of
behavioral therapies, educational therapies, medical and related therapies, and allied health
therapies; parents may also pursue complementary and alternative medicine (CAM) therapies.

Behavioral approaches are the cornerstone of treatment approaches for ASD. In 1987, Ivar
Lovaas published findings*® on a subgroup of children who demonstrated improvements in
cognitive abilities and educational placement in response to intensive intervention based on the
principles of applied behavior analysis (ABA). As a result, ASD was reconceptualized from a
largely untreatable disorder*® to a condition characterized by plasticity and heterogeneity, where
there was hope for higher functioning and better outcomes for children receiving appropriate
intervention. Subsequent research focused on social communication and behavioral impairments
and used both highly structured approaches and natural/developmental approaches that deliver
interventions within natural/everyday contexts (Floortime and the Social Communication
Emotional Regulation Transactional Support model), some of which integrate approaches (Early
Start Denver Model [ESDM]). These types of early and intensive treatment programs typically
target behaviors and development more broadly, instead of focusing on a specific behavior of
interest.’” Positive effects seen with these approaches in terms of cognition and language have
led to the suggestion that beginning intensive therapy at an earlier age may lead to greater
improvements.*>~"* Recent systematic reviews and meta-analyses have highlighted the potential
of early intervention to promote behavioral change.*'>****’

Pharmacologic agents used to treat ASD include antipsychotics, psychostimulants, and
serotonin-reuptake inhibitors (SRIs), which generally are intended to treat common
comorbidities of ASD rather than core symptoms. Only the atypical antipsychotics risperidone
and aripiprazole have been approved by the U.S. Food and Drug Administration (FDA) to treat
irritability in children 5 to 16 years of age with ASD.*®

Other treatment approaches include educational interventions that are aimed primarily at
older children, often target personal independence and social responsibility,” and focus both on
traditional areas of academic progression/achievement and on addressing social, cognitive, and
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behavioral issues in classrooms or through specialized instruction. Allied health approaches,
such as speech- and language-focused modalities and sensory and auditory integration
approaches, may target both core symptoms and associated deficits. CAM approaches are widely
used despite little available evidence on efficacy, and include therapies such as acupuncture.®"!

Chronic management throughout different developmental periods is often required to
maximize functional independence and quality of life by minimizing the core ASD features,
facilitating development and learning, promoting socialization, reducing maladaptive behaviors,
and educating and supporting families. Individual goals for treatment vary for different children
and may include combinations of therapies. For many individuals core symptoms of ASD
(impairments in communication and social interaction and restricted/repetitive behaviors and
interests) may see improvements with intervention and over time’”'’; however, deficits typically
remain throughout the lifespan, although developmental expression may vary. There is no cure
for ASD and currently no global consensus about which intervention strategies are most
effective. Chronic management—often using multiple treatment approaches—may be required to
maximize ultimate functional independence and quality of life by minimizing the core ASD
features, facilitating development and learning, promoting socialization, reducing maladaptive
behaviors, and educating and supporting families.

Objectives

The current systematic review will update a comprehensive review of therapies for children
with ASD published in 2011.** The 2011 review assessed the literature reporting on any
interventional approaches (i.e., behavioral, educational, medical, allied health, and CAM) and
included more than 150 unique studies, the majority of which were considered of poor quality.
Strength of the evidence for most interventions/outcomes was insufficient, with the exception of
moderate and high ratings for the effectiveness and harms of the antipsychotics risperidone and
aripiprazole. The strength of the evidence was considered low for the effectiveness of early
intensive behavioral and developmental intervention. Positive outcomes from an early and
intensive behavioral and developmental intervention were noted in cognitive performance,
language skills, and adaptive behavior when the intervention was delivered over substantial
intervals of time (i.e., 1-2 years). Variability in response to such approaches was tremendous,
with subgroups of children who demonstrated a more moderated response. The ability to
describe and predict these subgroups is limited.

Overall, the 2011 review found that medical interventions including risperidone and
aripiprazole show benefit for reducing challenging behaviors in some children with ASD, but
side effects are significant. Some behavioral and educational interventions that vary widely in
terms of scope, target, and intensity have demonstrated effects, but the lack of consistent data
limits understanding of whether these interventions are linked to specific clinically meaningful
changes in functioning. Little evidence was available to assess allied health therapies or CAM.
Information was similarly lacking on modifiers of effectiveness, generalization of effects outside
the treatment context, components of multicomponent therapies that drive effectiveness, and
predictors of treatment success.

Since the publication of the initial review in 2011, a sizable body of research has been
published, particularly addressing behavioral interventions. Additional studies of behavioral
interventions have the greatest potential to alter the low and insufficient strength of evidence
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reported in the original review and potentially affect treatment recommendations. For this reason,
our review will focus on behavioral studies.

In line with the 2011 review, we will define behavioral interventions as follows:
behavioral interventions include early intensive behavioral and developmental interventions,
social skills interventions, parent training, play/interaction-focused interventions, interventions
targeting symptoms commonly associated with ASD such as anxiety, and other general
behavioral approaches.

Early intensive behavioral and developmental interventions. We adopted a similar
approach to the operationalization of the early intensive behavioral and developmental
intervention category as Rogers and Vismara in their review of “comprehensive” evidence-based
treatments for early ASD.*® Interventions in this category all have their basis in or draw from
principles of ABA, with differences in methods and setting. ABA is an umbrella term describing
principles and techniques used to assess, treat, and prevent challenging behaviors and the
promotion of new, desired behaviors. The goal of ABA is to teach new skills, promote
generalization of these skills, and reduce challenging behaviors with systematic reinforcement.
The principles and techniques of ABA existed for decades before being specifically applied to
the study and treatment of ASD.

We include in this category two intensive interventions that have published manuals to
facilitate replication: the University of California, Los Angeles (UCLA)/Lovaas model and the
Early Start Denver Model (ESDM). These two interventions have several key differences in their
theoretical frameworks and in how they are implemented, although they share substantial
similarity in the frequent use of high-intensity (many hours per week, one-on-one) instruction
using ABA techniques. They are described together here because of these similarities. We note,
however, that the UCLA/Lovaas method relies heavily on one-on-one therapy sessions during
which a trained therapist uses discrete trial teaching with a child to practice target skills, while
ESDM blends ABA principles with developmental and relationship-based approaches for young
children.

The other treatment approaches in this category also incorporate ABA principles and may be
intensive in nature; often, however, they have not been documented in a manual. We have
classified these approaches broadly as UCLA/Lovaas based given their similarity in approach to
the Lovaas model. A third particular set of interventions included in this category are those using
principles of ABA to focus on key pivotal or foundational skills and behaviors (such as
motivation to communicate or initiation of communication), rather than global improvements.
These approaches often emphasize parent training as a modality for treatment delivery (e.g.,
Pivotal Response Training, Hanen More than Words, social pragmatic intervention, etc.) and
may focus on specific behaviors such as initiating or organizing activity or on core social
communication skills. Because they emphasize early training of parents of young children, they
will be reviewed in this category.

Social skills interventions. Social skills interventions focus on facilitating social interactions
and may include peer training and social stories.

Play/interaction-focused interventions. These approaches use interactions between children
and parents or researchers to affect outcomes such as imitation or joint attention skills or the
ability of the child to engage in symbolic play.
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Interventions focused on behaviors commonly associated with ASD. These approaches
attempt to ameliorate symptoms such as anger or anxiety, often present in children with ASD,
using techniques such as Cognitive Behavioral Therapy (CBT) and parent training focused on
challenging behaviors.

Additional behavioral interventions. We will categorize approaches not cleanly fitting into
the behavioral categories above in this group.

We will include a list of studies of all approaches (medical, allied health, etc.) meeting the
review criteria as an appendix to the updated report.

Il. The Key Questions

We have modified the Key Questions (KQs) from the 2011 review to focus on behavioral
interventions. KQ 1 focuses on outcomes of interventions. KQ 2 addresses how the
characteristics of the child/family or the intervention may modify outcomes. Such data could be
used to target treatments appropriately. KQs 3 and 4 seek to identify whether changes measured
during or after an intervention predict outcomes. KQ 5 assesses the generalizability of
intervention effects, and KQ 6 identifies the “active ingredients” in a given intervention. We
identified little literature addressing KQs 3—6 in the 2011 review and anticipate that they will
remain largely unanswered in the update; however, we will seek to identify data addressing
them. KQ 7 addresses treatments for very young children considered to be at risk for ASD, based
upon behavioral, medical, or genetic risk factors.

Question 1

Among children ages 0—12 years who have ASD, what are the short- and long-term effects of
available behavioral treatment approaches? Specifically:

a. What are the effects on core symptoms (e.g., social deficits, communication deficits, and
repetitive behaviors) in the short term (<6 months)?

b. What are the effects on commonly associated symptoms (e.g., motor, sensory, medical,
mood/anxiety, irritability, and hyperactivity) in the short term (<6 months)?

c. What are the longer term effects (>6 months) on core symptoms (e.g., social deficits,
communication deficits, and repetitive behaviors)?

d. What are the longer term effects (>6 months) on commonly associated symptoms (e.g.,
motor, sensory, medical, mood/anxiety, irritability, and hyperactivity)?

Question 2

Among children ages 0—12 years, what are the modifiers of outcome for different treatments
or approaches?

a. Is the effectiveness of the therapies reviewed affected by the frequency, duration, and
intensity of the intervention?
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b. Is the effectiveness of the therapies reviewed affected by the training and/or experience
of the individual providing the therapy?
c. What characteristics, if any, of the child modify the effectiveness of the therapies

reviewed?
d. What characteristics, if any, of the family modify the effectiveness of the therapies
reviewed?
Question 3

Are there any identifiable changes early in the treatment phase that predict treatment
outcomes?

Question 4

What is the evidence that effects measured at the end of the treatment phase predict long-
term functional outcomes?

Question 5

What is the evidence that specific intervention effects measured in the treatment context
generalize to other contexts (e.g., people, places, materials)?

Question 6

What evidence supports specific components of treatment as driving outcomes, either within
a single treatment or across treatments?

Question 7
What evidence supports the use of a specific behavioral treatment approach in children under
the age of 2 years who are considered to be at high risk of developing autism, based upon

behavioral, medical, or genetic risk factors?

Table 1 outlines the PICOTS (population, intervention, comparators, outcomes, timing, and
setting) for each KQ.
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Table 1. PICOTS characteristics

Question | Population | Intervention | Comparator(s) | Outcomes Timing Setting
KQs 1-6 Children Behavioral Placebo, other * ASD symptom seve.rlty' Short term Any setting
with ASD approaches intervention, or * Language/co.mmunlcatlon < 6 months | (clinic,
ages 0 aimed at no intervention ‘ Academlg skill devglopment home,
months to modifying . Mlaladaptlve behaviors Long term school,
12 years ASD * Distress > 6 months etc.)
symptoms * Adaptive skills
* Social skills/interaction
* Adaptive independence
* Academic engagement/
attainment
* Psychological well-being
* Psychosocial adaptation
* Quality of life
* Social integration
* Appropriate level of
independence
* Harms
K Q7 Children Behavioral Placebo, other ’ QSD symptom severity / Short term Any setting
ages 0-2 approaches intervention, or lagnostic outcomel . < 6 months | (clinic,
years aimed at no intervention * Language/communication home
considered | modifying * Cognitive skills Long term schoc;l
to be at risk | ASD * Motor skills > 6 months etc.) ’
for ASD symptoms * Maladaptive behaviors
because of * Distress
sibling * Adaptive skills
status or * Social skills/interaction
lacking a * Adaptive independence
confirmed * Harms
diagnosis
but
considered
highly
suspicious
for ASD
due to
develop-
mental and
behavioral
vulnerab-
ilities

ASD = autism spectrum disorder; KQ = key question; PICOTS = Population, Intervention, Comparators, Outcomes,

Timing, Setting

lll. Analytic Framework

Figure 1 illustrates the analytic framework for the 2011 review and the current update.

The figure summarizes the process by which families of children with ASD make and modify
treatment choices. Circled numbers indicate the KQs, and their placement indicates the points in
the treatment process where they are likely to arise. This update focuses on behavioral
interventions for children with ASD or considered to be at risk for ASD. The population of
interest is patients 0—12 years diagnosed with ASD. Individuals engage in interventions, which
may lead to specific outcomes (KQ 1). Outcomes may be modified by characteristics of the
child/family or of the intervention (KQ 2). KQ 3 involves identifiable changes early in the
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treatment process that may affect outcomes. KQ 4 involves the relationship between targeted
outcomes in the treatment setting and functional outcomes outside the treatment setting. KQ 5
involves generalization of interventions to other contexts, and KQ 6 addresses components of
treatments that may drive outcomes, the “active ingredients” of treatments. KQ 7 addresses
treatments for very young children considered to be at risk for ASD. Target outcomes in the
treatment setting include ASD symptom severity, language/ communication, academic skill

development, maladaptive behaviors, distress, adaptive skills development, and social
skills/interaction. Functional outcomes outside the treatment setting include adaptive

independence, academic engagement/attainment, psychological well-being, and psychosocial
adaptation; for children considered to be at risk, the outcomes include changes in ASD symptom
severity or diagnostic outcome, motor skills, and cognitive skills. Long-term outcomes include
quality of life, social integration, and appropriate level of independence. Harms of intervention

are also considered.

Figure1. Analytic framework
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IV. Methods
A. Criteria for Inclusion/Exclusion of Studies in the Review

Table 2 outlines inclusion criteria for this update. As noted, we will adhere to the parameters
set forth in the original 2011 review but with the exception of limiting eligible studies to
behavioral studies that include comparison groups. We will exclude case series, as additional
case series (studies without a comparison group) are unlikely to lead to a change in the strength
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of evidence (SOE). The currently established SOE (based on the 2011 report) will only shift with
the addition of comparative studies of high quality.

We will also limit eligible studies to those written in the English language, as our content
experts, key informants, and technical experts involved with the 2011 review agreed that
significant research in the area is generally published in English.

Table 2. Inclusion criteria

Category Criteria

Study population Children ages 0-12 with ASD or 0-2 considered to be at risk for ASD based on sibling
status or early developmental/behavioral vulnerabilities highly suspicious of ASD

Publication languages English only

Admissible evidence Admissible designs

(study design and other RCTs, prospective and retrospective cohort studies, and nonrandomized controlled

criteria) trials

Other criteria

Original research studies providing sufficient detail regarding methods and results to
enable use and aggregation of the data and results

Studies must have relevant population & = 10 participants with ASD
Studies must address one or more of the following for ASD:

-Treatment modality

-Predictors of treatment outcomes

-Generalization of treatment outcomes to other contexts

-Drivers of treatment outcomes

Relevant outcomes must be able to be abstracted from data in the papers
Data must be presented in the aggregate (vs. individual participant data)

B. Searching for the Evidence: Literature Search Strategies for Identification
of Relevant Studies To Answer the Key Questions

Databases. To ensure comprehensive retrieval of relevant studies of therapies for children
with ASD, we will use three key databases: the MEDLINE® medical literature database via the
PubMed® interface, the PsycINFO® psychology and psychiatry database, and the Education
Resources Information Center database (ERIC®™). These databases, plus the Cumulative Index of
Nursing and Allied Health Literature (CINAHL®) were also searched for the original review. We
tested the unique contributions of CINAHL for the current update; however, the database did not
yield any unique citations, a finding in line with recent assessments of the overall utility of the
CINAHL database. Thus, we will not include the CINAHL database in the update review.
Search strategies for each of these databases will focus specifically on terms related to ASD and
treatment or transitional issues, including keywords, subject headings, and a combination of
subject headings and/or keywords (e.g., autism, ASD, therapy, therapeutics, etc.). We will search
for studies published from 2010 to the present to account for any delays in indexing of the
literature published since the 2011 review.

Search updates. During our reviews of abstracts and full-text articles, we will update the
literature search quarterly by adding relevant studies as needed. We will also update the search
when the draft report is submitted and will add relevant studies as needed while the draft report
1s undergoing peer review. We will also incorporate studies that meet our inclusion criteria or are
relevant as background material that may be identified by both public and peer reviewers.

Hand searching. We will carry out hand searches of the reference lists of recent systematic
reviews or meta-analyses of therapies for ASD; the investigative team will also scan the
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reference lists of articles that are included after the full-text review phase for studies that
potentially could meet our inclusion criteria.

Grey literature. As we will not be reviewing medications or devices, we will not request
Scientific Information Packets or regulatory information.

C. Data Abstraction and Data Management

Data-extraction forms. We will refine the data-collection forms for the abstract review, the
full-text review, and data extraction that were used in the 2011 review. The forms used for the
abstract review will contain questions about the primary exclusion and inclusion criteria. The
forms used for the full-text review are more detailed and are intended to assist in (a) identifying
studies that meet inclusion criteria and (b) initially sorting the studies according to the KQs.
Finally, data-extraction forms will collect those data necessary to create evidence tables and
perform data synthesis. We anticipate that these data will include those related to baseline
participant characteristics (age, diagnosis, symptom severity, etc.), intervention characteristics
(description, fidelity/adherence, etc.), and outcomes.

Before data collection, we will develop lists of potential confounders and effect modifiers
(e.g., age, IQ, simultaneous therapies/synergistic effects, comorbidities/coexisting conditions,
sociocultural context, etc.), including those reported in the 2011 review, and expected outcomes
for the data-extraction form that will be informed by our clinical expertise. The form also will
include a field in which to report the funding source of a study.

After reviewing a sample of relevant articles, the team will assess the data-collection forms
from the 2011 review and test them on multiple articles before beginning each stage of data
extraction. We expect that the data-collection forms will undergo revisions as these tests are
completed.

Initial review of abstracts. We will review all the titles and abstracts identified through our
searches against our inclusion/exclusion criteria. Each abstract will be reviewed by at least two
members of the investigative team. When differences between the reviewers arise, we will err on
the side of inclusion. For studies without adequate information to make the determination, we
will retrieve the full-text articles and review them against the inclusion/exclusion criteria.

Retrieving and reviewing articles. We will retrieve and review all articles that meet our
predetermined inclusion criteria or for which we have insufficient information to make a
decision about eligibility. Each article will be reviewed by at least two members of the
investigative team. Differences between the reviewers will be adjudicated by a third party.

Deciding which outcomes are to be extracted. We will extract data on the following key
outcomes, as based on our clinical expertise and experience with the 2011 review, our initial
scan of the literature, and our abstract review: cognitive outcomes, adaptive behavior outcomes,
core ASD symptom changes, language outcomes, and challenging/disruptive behavior outcomes.
Prespecifying each individual measure to extract is not feasible, given the large number of
assessment tools/measures used in the ASD literature; however, we anticipate that we will focus
on well-established, validated outcome measures or techniques that incorporate measures of
agreement (e.g., measures to assess consensus of coding of communicative acts, etc.).
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For studies that meet the conditions of the second-round assessment, the extractors will
extract key data and study-quality elements from the article(s) and enter them into evidence
tables. We anticipate that these elements will include population and intervention characteristics
such as age, diagnoses, intervention approach, and dosage; assessment characteristics including
instruments used and fidelity measures employed; and outcomes reported. A second reviewer
will review those data-extraction forms against the original articles for quality control.
Differences in data coding between the abstractor and the reviewer will be resolved by
consensus.

We will develop a simple categorization scheme for coding the reasons that articles, at the
stage of full review, are not finally included in the report. The abstractor will note the reason(s)
for exclusion on the article abstraction form. We will then record those codes in an EndNote®
(Thomson Reuters, New York, NY) bibliographic database so that we can later compile a listing
of excluded articles and the reasons for such exclusions.

D. Assessment of Methodological Risk of Bias of Individual Studies

We will assess the overall quality of each included study by using the quality-assessment
approach developed in our prior review on therapies for children with ASD and informed by the
Methods Guide for Effectiveness and Comparative Effectiveness Reviews.”® This quality-
assessment approach considered factors related to study design, diagnostic approach, participant
ascertainment, intervention characteristics, outcomes measurement, and statistical approach and
included questions such as: Did the authors report differences in or hold steady all concomitant
interventions? Were outcomes coded and assessed by individuals blinded to the intervention
status of the participants? And for randomized controlled trials, was there an intent-to-treat
analysis?

Two senior investigators will independently assess each included study with disagreements
between assessors resolved through discussion to reach consensus.

E. Data Synthesis

Preparing evidence tables. We will enter data into evidence tables by using predetermined
abbreviations and acronyms consistently across all entries. The dimensions (i.e., areas of special
focus, or the columns) of each evidence table may vary by KQ as appropriate, but the tables will
contain some common elements, such as author, year of publication, study location (e.g.,
country, city, state) and time period, population description, sample size, and study type (e.g.,
randomized controlled trial, prospective observational study, etc.).

Synthesizing results. Given significant differences in populations, interventions, and
outcomes measured in the ASD literature, we anticipate a largely qualitative synthesis of
findings. However, we will work with our statistician to determine whether a quantitative
analysis can be performed. For example, we may be able to provide inference on subgroups via
Bayesian mixed-effects meta-regression. This allows for the borrowing of strength across
studies, where appropriate, using random effects to account for the variation in effects among
similar (but nonidentical) studies.
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Presentation of results. Within each KQ, we will organize results by type of intervention,
which mirrors the organization of the 2011 review. Within each category, we will present results
by study design, with a focus on those designs less subject to bias (i.e., randomized controlled
trials, controlled trials) and those studies rated as of higher quality in our quality-assessment
process.

F. Grading the Strength of Evidence for Individual Comparisons and
Outcomes

Assessing the strength of evidence. We will utilize explicit criteria for rating the overall
strength of the collective evidence for the key outcomes identified above for each KQ into
qualitative categories (e.g., low, moderate, high, insufficient). We will use established concepts
of the quantity of evidence (e.g., numbers of studies, aggregate ending-sample sizes), the quality
of evidence (from the quality ratings on individual articles), and the coherence or consistency of
findings across similar and dissimilar studies and in comparison to known or theoretically sound
ideas of clinical or behavioral knowledge. We will make these judgments as appropriate for each
of the KQs.

The SOE evaluation will be that stipulated in the Methods Guide for Effectiveness and
Comparative Effectiveness Reviews,”® which emphasizes the following five major domains: risk
of bias (low, medium, high), consistency (inconsistency not present, inconsistency present,
unknown, or not applicable), directness (direct, indirect), precision (precise, imprecise), and
reporting bias (suspected, undetected). Two senior staff will independently grade the body of
evidence; disagreements will be resolved as needed through discussion or third-party
adjudication. We will record SOE assessments in tables, summarizing for each key outcome. We

will assess the SOE only for those studies rated as good or fair in quality (low or moderate risk
of bias).

Determining the overall strength-of-evidence rating. We will use the same approach we
used to determine SOE that we used in the 2011 review: We required at least three fair-quality
studies to be available to assign a low SOE rather than considering it to be insufficient. For
determining the SOE for effectiveness outcomes, we only assessed the body of literature deriving
from studies that included comparison groups. We required at least one good-quality study for
moderate SOE and two good-quality studies for high SOE. In addition, to be considered
“moderate” or higher, intervention-outcome pairs needed a positive response on two of the
domains other than risk of bias. Once we had established the maximum SOE possible based upon
these criteria, we assessed the number of studies and the range of study designs for a given
intervention-outcome pair and downgraded the rating when the cumulative evidence was not
sufficient to justify the higher rating. When no studies are available for an outcome or
comparison of interest, we will grade the evidence as insufficient.

G. Assessing Applicability

We will assess the applicability of findings reported in the included literature to the general
population of children with ASD by determining the PICOS (population, intervention,
comparator, outcomes, and setting) in each study and developing an overview of these elements
for each intervention category. We will also review potential modifiers of effect of treatment to
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identify subgroups, which may include different age groups, severity of ASD, or level of
education. We anticipate variation in the scope of services offered across the country and in the
populations and outcomes in each study given the heterogeneity of ASD.

V. References

1.

10.

11.

12.

13.

14.

American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders.
5th ed. Washington, DC: American Psychiatric Association; 2013.

Zwaigenbaum L, Bryson S, Lord C, et al. Clinical assessment and management of toddlers
with suspected autism spectrum disorder: insights from studies of high-risk infants.
Pediatrics 2009 May;123(5):1383-91. PMID: 19403506.

Myers SM, Johnson CP; American Academy of Pediatrics Council on Children With
Disabilities. Management of children with autism spectrum disorders. Pediatrics 2007
Nov;120(5):1162-82. PMID: 17967921.

Myers SM. Management of autism spectrum disorders in primary care. Pediatr Ann 2009
Jan;38(1):42-9. PMID: 19213293.

Autism and Developmental Disabilities Monitoring Network. Prevalence of the Autism
Spectrum Disorders (ASDs) in Multiple Areas of the United States, 2004 and 2006. CDC
Publication No. CS208997-A. Atlanta, GA: Centers for Disease Control and Prevention;
2009. Available at
http://www.cdc.gov/ncbddd/autism/states/ADDMCommunityReport2009.pdf.

Autism and Developmental Disabilities Monitoring Network Surveillance Year 2008
Principal Investigators; Centers for Disease Control and Prevention. Prevalence of autism
spectrum disorders—Autism and Developmental Disabilities Monitoring Network, 14 sites,
United States, 2008. MMWR Surveill Summ. 2012 Mar 30;61(3):1-19. PMID: 22456193.

Fecteau S, Mottron L, Berthiaume C, et al. Developmental changes of autistic symptoms.
Autism 2003 Sep;7(3):255-68. PMID: 14516059.

Shattuck PT, Seltzer MM, Greenberg JS, et al. Change in autism symptoms and
maladaptive behaviors in adolescents and adults with an autism spectrum disorder. J
Autism Dev Disord. 2007 Oct;37(9):1735-47. PMID: 17146700.

McGovern CW, Sigman M. Continuity and change from early childhood to adolescence in
autism. J Child Psychol Psychiatry. 2005 Apr;46(4):401-8. PMID: 15819649.

Seltzer MM, Shattuck P, Abbeduto L, et al. Trajectory of development in adolescents and
adults with autism. Ment Retard Dev Disabil Res Rev. 2004;10(4):234-47. PMID:
15666341.

Ballaban-Gil K, Rapin |, Tuchman R, et al. Longitudinal examination of the behavioral,
language, and social changes in a population of adolescents and young adults with autistic
disorder. Pediatr Neurol. 1996 Oct;15(3):217-23. PMID: 8916159.

Billstedt E, Gillberg IC, Gillberg C. Autism after adolescence: population-based 13- to 22-
year follow-up study of 120 individuals with autism diagnosed in childhood. J Autism Dev
Disord. 2005 Jun;35(3):351-60. PMID: 16119476.

Eaves LC, Ho HH. Young adult outcome of autism spectrum disorders. J Autism Dev
Disord. 2008 Apr;38(4):739-47. PMID: 17764027 .

Howlin P, Goode S, Hutton J, et al. Adult outcome for children with autism. J Child Psychol
Psychiatry. 2004 Feb;45(2):212-29. PMID: 14982237.

Source: www.effectivehealthcare.ahrq.gov 13
Published online: September 20, 2013


http:www.effectivehealthcare.ahrq.gov
http://www.cdc.gov/ncbddd/autism/states/ADDMCommunityReport2009.pdf

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Taylor JL, Seltzer MM. Employment and post-secondary educational activities for young
adults with autism spectrum disorders during the transition to adulthood. J Autism Dev
Disord. 2011 May;41(5):566-74. PMID: 20640591.

Ganz ML. The lifetime distribution of the incremental societal costs of autism. Arch Pediatr
Adolesc Med. 2007 Apr;161(4):343-9. PMID: 17404130.

Folstein SE, Rosen-Sheidley B. Genetics of autism: complex aetiology for a heterogeneous
disorder. Nat Rev Genet. 2001 Dec;2(12):943-55. PMID: 11733747.

Bailey A, Le Couteur A, Gottesman |, et al. Autism as a strongly genetic disorder: evidence
from a British twin study. Psychol Med 1995 Jan;25(1):63-77. PMID: 7792363.

Marshall CR, Scherer SW. Detection and characterization of copy number variation in
autism spectrum disorder. Methods Mol Biol. 2012;838:115-35. PMID: 22228009.

Geschwind DH. Genetics of autism spectrum disorders. Trends Cogn Sci. 2011
Sep;15(9):409-16. PMID: 21855394.

Bristol MM, Cohen DJ, Costello EJ, et al. State of the science in autism: report to the
National Institutes [of] Health. J Autism Dev Disord. 1996 Apr;26(2):121-54. PMID:
8744475.

Hallmayer J, Cleveland S, Torres A, et al. Genetic heritability and shared environmental
factors among twin pairs with autism. Arch Gen Psychiatry. 2011 Nov;68(11):1095-102.
PMID: 21727249.

Krakowiak P, Walker CK, Bremer AA, et al. Maternal metabolic conditions and risk for
autism and other neurodevelopmental disorders. Pediatrics. 2012 May;129(5):e1121-8.
PMID: 22492772.

Dodds L, Fell DB, Shea S, et al. The role of prenatal, obstetric and neonatal factors in the
development of autism. J Autism Dev Disord. 2011 Jul;41(7):891-902. PMID: 20922473.

Sandin S, Hultman CM, Kolevzon A, et al. Advancing maternal age is associated with
increasing risk for autism: a review and meta-analysis. J Am Acad Child Adolesc
Psychiatry. 2012 May;51(5):477-86. e1. PMID: 22525954

O'Roak BJ, Vives L, Girirajan S, et al. Sporadic autism exomes reveal a highly
interconnected protein network of de novo mutations. Nature. 2012 Apr 4;485(7397):246-
50. PMID: 22495309.

Shelton JF, Hertz-Picciotto |, Pessah IN. Tipping the balance of autism risk: potential
mechanisms linking pesticides and autism. Environ Health Perspect. 2012 Jul;120(7):944-
51. PMID: 22534084.

Schultz ST. Does thimerosal or other mercury exposure increase the risk for autism? A
review of current literature. Acta Neurobiol Exp (Wars). 2010;70(2):187-95. PMID:
20628442.

Ozonoff S, Young GS, Carter A, et al. Recurrence risk for autism spectrum disorders: a
Baby Siblings Research Consortium study. Pediatrics. 2011 Sep;128(3):e488-95. PMID:
21844053.

Seida JK, Ospina MB, Karkhaneh M, et al. Systematic reviews of psychosocial
interventions for autism: an umbrella review. Dev Med Child Neurol. 2009 Feb;51(2):95-
104. PMID: 19191842.

Source: www.effectivehealthcare.ahrg.gov 14
Published online: September 20, 2013


http:www.effectivehealthcare.ahrq.gov

31.

32.
33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Ospina MB, Krebs Seida J, Clark B, et al. Behavioural and developmental interventions for
autism spectrum disorder: a clinical systematic review. PLoS One. 2008;3(11):e3755.
PMID: 19015734.

Parr J. Autism. Clin Evid (Online). 2008 Apr;2008. pii: 0322. PMID: 19450315.

National Autism Center. National Standards Report. Randolph, MA: National Autism
Center; 2009. Available at
http://www.nationalautismcenter.org/pdf/NAC%20Standards%20Report.pdf.

Warren Z, Veenstra-VanderWeele J, Stone W, et al. Therapies for Children With Autism
Spectrum Disorders. Comparative Effectiveness Review No. 26 (Prepared by the
Vanderbilt Evidence-based Practice Center under Contract No. 290-2007-10065-1). AHRQ
Publication No. 11-EHC029-EF. Rockville, MD: Agency for Healthcare Research and
Quality; April 2011. Available at http://www.ncbi.nlm.nih.gov/books/NBK56343/pdf/TOC.pdf.

Committee on Educational Interventions for Children with Autism. Educating Children with
Autism. Washington, DC: National Academies Press; 2001. Available at
http://www.nap.edu/catalog.php?record_id=10017.

Lovaas Ol. Behavioral treatment and normal educational and intellectual functioning in
young autistic children. J Consult Clin Psychol. 1987 Feb;55(1):3-9. PMID: 3571656.

Bryson SE, Rogers SJ, Fombonne E. Autism spectrum disorders: early detection,
intervention, education, and psychopharmacological management. Can J Psychiatry. 2003
Sep;48(8):506-16. PMID: 14574826.

Rogers SJ, Vismara LA. Evidence-based comprehensive treatments for early autism. J Clin
Child Adolesc Psychol. 2008 Jan;37(1):8-38. PMID: 18444052.

Reichow B, Wolery M. Comprehensive synthesis of early intensive behavioral interventions
for young children with autism based on the UCLA young autism project model. J Autism
Dev Disord. 2009 Jan;39(1):23-41. PMID: 18535894.

Reichow B, Barton EE, Boyd BA, et al. Early intensive behavioral intervention (EIBI) for
young children with autism spectrum disorders (ASD). Cochrane Database Syst Rev. 2012
Oct 17;10:CD009260. PMID: 23076956.

Warren Z, McPheeters ML, Sathe N, et al. A systematic review of early intensive
intervention for autism spectrum disorders. Pediatrics 2011 May;127(5):e1303-11. PMID:
21464190.

Spreckley M, Boyd R. Efficacy of applied behavioral intervention in preschool children with
autism for improving cognitive, language, and adaptive behavior: a systematic review and
meta-analysis. J Pediatr. 2009 Mar;154(3):338-44. PMID: 18950798.

McConachie H, Diggle T. Parent implemented early intervention for young children with
autism spectrum disorder: a systematic review. J Eval Clin Pract. 2007 Feb;13(1):120-9.
PMID: 17286734.

Eldevik S, Hastings RP, Hughes JC, et al. Meta-analysis of Early Intensive Behavioral
Intervention for children with autism. J Clin Child Adolesc Psychol. 2009 May;38(3):439-50.
PMID: 19437303.

Howlin P, Magiati I, Charman T. Systematic review of early intensive behavioral
interventions for children with autism. Am J Intellect Dev Disabil. 2009 Jan;114(1):23-41.
PMID: 19143460.

Source: www.effectivehealthcare.ahrq.gov 15
Published online: September 20, 2013


http:www.effectivehealthcare.ahrq.gov
http://www.nap.edu/catalog.php?record_id=10017
http://www.ncbi.nlm.nih.gov/books/NBK56343/pdf/TOC.pdf
http://www.nationalautismcenter.org/pdf/NAC%20Standards%20Report.pdf

46.

47.

48.

49.

50.

51.

52.

53.

VL.

Makrygianni MK, Reed P. A meta-analytic review of the effectiveness of behavioural early
intervention programs for children with autistic spectrum disorders. 2010 Oct-Dec;;4(4):577-
93. ERIC: EJ886516.

Virues-Ortega J. Applied behavior analytic intervention for autism in early childhood: meta-
analysis, meta-regression and dose-response meta-analysis of multiple outcomes. Clin
Psychol Rev. 2010 Jun;30(4):387-99. PMID: 20223569.

Kirino E. Efficacy and safety of aripiprazole in child and adolescent patients. Eur Child
Adolesc Psychiatry. 2012 Jul;21(7):361-8. PMID: 22447196.

Perrin JM, Coury DL, Hyman SL, et al. Complementary and alternative medicine use in a
large pediatric autism sample. Pediatrics. 2012 Nov;130 Suppl 2:S77-82. PMID: 23118257.

Hall SE, Riccio CA. Complementary and alternative treatment use for autism spectrum
disorders. Complement Ther Clin Pract. 2012 Aug;18(3):159-63. PMID: 22789791.

Wong HH, Smith RG. Patterns of complementary and alternative medical therapy use in
children diagnosed with autism spectrum disorders. J Autism Dev Disord. 2006
Oct;36(7):901-9. PMID: 16897395.

Beckles Z, Glover S, Ashe J, et al. Searching CINAHL did not add value to clinical
questions posed in NICE guidelines. J Clin Epidemiol. 2013 Sep;66(9):1051-7. PMID:
23835312.

Agency for Healthcare Research and Quality. Methods Guide for Effectiveness and
Comparative Effectiveness Reviews. AHRQ Publication No. 10(11) - EHCO063 - EF.
Rockville, MD: Agency for Healthcare Research and Quality ; March 2011. Chapters
available at www.effectivehealthcare.ahrqg.gov.

Definition of Terms

Not applicable.

VILI.

Summary of Protocol Amendments

In the event of protocol amendments, the date of each amendment will be accompanied by a
description of the change and the rationale. Changes made to the protocol should not be
incorporated throughout the various sections of the protocol. Instead, protocol amendments
should only be noted in section VII of the protocol, preferably in a tabular format (please see the
example below), and the date of the amendment noted at the top of the protocol. A sample table
is shown below:

Date Section Original Protocol Revised Protocol Rationale

IThis should [Specify where the |Describe the language [Describe the change in |[Justify why the change will

be the change would be  [of the original protocol. [protocol. improve the report. If necessary,
effective found in the describe why the change does not
date of the |protocol. introduce bias. Do not use a
change in justification such as “because the
the protocol. AE/TOO/TEP/Peer reviewer told

us to,” but rather explain what the
change hopes to accomplish.
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VIII. Review of Key Questions

For all Evidence-based Practice Center (EPC) reviews, Key Questions were reviewed and
refined as needed by the EPC with input from Key Informants and the Technical Expert Panel
(TEP) to assure that the questions are specific and explicit about what information is being
reviewed. In addition, the Key Questions were posted for public comment and finalized by the
EPC after review of the comments.

IX. Key Informants

Key Informants are the end-users of research, including patients and caregivers, practicing
clinicians, relevant professional and consumer organizations, purchasers of health care, and
others with experience in making health care decisions. Within the EPC program, the Key
Informant role is to provide input into identifying the Key Questions for research that will inform
health care decisions. The EPC solicits input from Key Informants when developing questions
for systematic review or when identifying high-priority research gaps and needed new research.
Key Informants are not involved in analyzing the evidence or writing the report and have not
reviewed the report, except as given the opportunity to do so through the peer or public review
mechanism.

Key Informants must disclose any financial conflicts of interest greater than $10,000 and any
other relevant business or professional conflicts of interest. Because of their role as end-users,
individuals are invited to serve as Key Informants, and those who present with potential conflicts
may be retained. The TOO and the EPC work to balance, manage, or mitigate any potential
conflicts of interest identified.

X. Technical Experts

Technical Experts comprise a multidisciplinary group of clinical, content, and
methodological experts who provide input in defining populations, interventions, comparisons,
or outcomes, as well as identifying particular studies or databases to search. They are selected to
provide broad expertise and perspectives specific to the topic under development. Divergent and
conflicted opinions are common and perceived as healthy scientific discourse that results in a
thoughtful, relevant systematic review. Therefore study questions, design, and/or methodological
approaches do not necessarily represent the views of individual technical and content experts.
Technical Experts provide information to the EPC to identify literature search strategies and
recommend approaches to specific issues as requested by the EPC. Technical Experts do not do
analysis of any kind nor contribute to the writing of the report and have not reviewed the report,
except as given the opportunity to do so through the peer or public review mechanism.

Technical Experts must disclose any financial conflicts of interest greater than $10,000 and
any other relevant business or professional conflicts of interest. Because of their unique clinical
or content expertise, individuals are invited to serve as Technical Experts and those who present
with potential conflicts may be retained. The Task Order Officer and the EPC work to balance,
manage, or mitigate any potential conflicts of interest identified.

Xl. Peer Reviewers
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Peer Reviewers are invited to provide written comments on the draft report based on their
clinical, content, or methodological expertise. Peer review comments on the preliminary draft of
the report are considered by the EPC in preparation of the final draft of the report. Peer
Reviewers do not participate in writing or editing of the final report or other products. The
synthesis of the scientific literature presented in the final report does not necessarily represent the
views of individual reviewers. The dispositions of the peer review comments are documented
and will, for Comparative Effectiveness Reviews and Technical Briefs, be published 3 months
after the publication of the Evidence Report. Potential Peer Reviewers must disclose any
financial conflicts of interest greater than $10,000 and any other relevant business or professional
conflicts of interest. Invited Peer Reviewers may not have any financial conflict of interest
greater than $10,000. Peer Reviewers who disclose potential business or professional conflicts of
interest may submit comments on draft reports through the public comment mechanism.

XIl. EPC Team Disclosures

EPC core team members must disclose any financial conflicts of interest greater than $1,000
and any other relevant business or professional conflicts of interest. Related financial conflicts of
interest that cumulatively total greater than $1,000 will usually disqualify EPC core team
investigators.

XIll. Role of the Funder

This project was funded under Contract No. 290-2012-00009-1 from the Agency for
Healthcare Research and Quality, U.S. Department of Health and Human Services. The Task
Order Officer reviewed contract deliverables for adherence to contract requirements and quality.
The authors of this report are responsible for its content. Statements in the report should not be
construed as endorsement by the Agency for Healthcare Research and Quality or the U.S.
Department of Health and Human Services.
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